The basic principles of molecule ar-
rangements in ordinary ice were stated
over 40 years ago by Bernal and
Fowler. Most important was the for-
mation at each molecule of a tetra-
hedral pattern of hydrogen bonds to
four nearest neighbors; furthermore, the
separate nonlinear molecules remain in-
tact. Pauling amplified this idea in
1935 by pointing out that these “ice
rules” still permitted substantial free-
dom in the orientation of molecules
within the tetrahedral network. With
suitable modifications, these structural
manifestations of water-molecule inter-
actions persist through all the various
ice polymorphs and hydrate crystals.
That is hardly surprising, since pre-
cisely the same intermolecular forces
operate in all thermodynamically dis-
tinct phases containing water. For the
same reason, study of the ices will also
inevitably aid in the important task of
understanding liguid water and aqueous
solutions.

Occasional violations of the Bernal-
Fowler-Pauling ice rules give rise to
point defects, including vacancies and
interstitials, Bjerrum orientational de-
fects, and ionized molecules. These
control most Kinetic properties for sin-
gle crystals, such as electrical conduc-
tion, dielectric and nuclear magnetic
relaxation, sound absorption, and self-
diffusion. Distinguishing the separate
contributions made by the motion of
the various defect types has become
clearly desirable, and several papers in
this symposium illustrate the effort that
is being devoted to that task. General
optimism that the contributions will
eventually be separated has sprung
from the view of ice as a ‘“protonic
semiconductor” subject to controlled
doping; however, one of the papers in
this collection pointedly questions the
validity of proton semiconduction. In
any event, from reading this book it is
clear that precise and controlled ex-
periments with clean interpretations are
difficult and that the few available pro-
cedures that approach those ideals can
be improved.

While the problems of point defects
in perfect crystals are themselves chal-
lenging, a far broader technical scope
is forced on researchers in this field by
the demands of meteorology, oceanog-
raphy, glaciology, and even astronomy.
This has led to inclusion in this book
of papers devoted to dislocations and
plastic flow, properties of nucleation
clusters, crystal surface topography,
and growth mechanisms. The general
impression conveyed is that consider-
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able expansion of fundamental knowl-
edge bearing on each of these topics
should be encouraged.

Over 60 technical articles appear in
this volume. Together with the re-
corded discussion remarks, they seem
to convey a comprehensive view of the
status of the field in 1972. The collec-
tion offers an implicit invitation and
provides a means for qualified outsiders
to consider making their own contri-
buticns to this interesting subject. Such
a prospect is made all the more allur-
ing by tight editing (which has all but
eliminated typographical errors) and
the attractive appearance of the text.
In addition, the editors offer extra deft
and graceful touches, including an
opening essay on ice as an evocative
image in literature and a closing poem
entitled “The Ices.”

An earlier international symposium
on ice was held in Munich in 1968,
Surely others will follow. We shall be
fortunate if their proceedings are as
comprehensive and are reported as ef-
fectively as those in Ottawa.

Frank H. STILLINGER
Bell Laboratories,
Murray Hill. New Jersey

Books Received

Advances in Cytopharmacology. Vol.
2. Cytopharmacology of Secretion. Pro-
ceedings of a NATO Advanced Study In-
stitute, Venice and Milan, June, 1973.
B. Ceccarelli, F. Clementi, and J. Meldo-
lesi, Eds. Raven, New York, 1974. x,
388 pp., illus. $39.

Biocore. Paul R. Ehrlich, Richard W.
Holm, and Philip C. Hanawalt, Eds. Mc-
Graw-Hill, New York, 1974. Twenty-two
booklets. $27.50.

Cell Cycle Contrels. George M. Padilla,
Ivan L. Cameron, and Arthur Zimmer-
man, Eds. Academic Press, New York,
1974. x, 370 pp., illus. $16.

Drugs and Behavior. A Primer in Neu-
ropsychopharmacology. Ernest L. Abel.
Wiley-Interscience, New York, 1974. x,
230 pp., illus. $13.95.

The Electron Microscopy and Composi-
tion of Biological Membranes and En-
velopes. Papers from a meeting. The
Royal Society, London, 1974. iv, 160 pp.,
illus., 4 plates. £13.35. Reprinted from
Philosophical Transactions of the Royal
Society, series B, vol. 268, No. 891.

Generalized Inverses. Theory and Appli-
cations. Adi Ben-Israel and Thomas N. E.
Greville. Wiley-Interscience, New York,
1974. xiv, 396 pp. $22.50. Wiley-Intersci-
ence Series in Pure and Applied Mathema-
tics.

Geoscience Instrumentation. Edward A.
Wolff and Enrico P. Mercanti, Eds. Wiley-
Interscience, New York, 1974. xxviii, 820
pp., illus. $39.50.

Humanizing Social Psychology. M.
Brewster Smith. Jossey-Bass, San Fran-
cisco, 1974. xiv, 290 pp. $12.50. The Jos-
sey-Bass Behavioral Science Series.

Imagery and Daydream Methods in
Psychotherapy and Behavior Modification.
Jerome L. Singer. Academic Press, New
York, 1974, xii, 274 pp. $16.50. Per-
sonality and Psychopathology, vol. 14,

In Search of Population Policy. Views
from the Developing World., A Report on
Five Regional Seminars Conducted in
1973. National Academy of Sciences,
Washington, D.C., 1974. x, 110 pp. Paper,
$4.25.

Lernen and Gedichtnis. Rainer Sinz.
VEB Verlag Volk und Gesundheit, Berlin,
1973. 256 pp., illus. Paper, DM 8.40.

Life Cycles of Fish. Physiology and
Biochemistry. G. E. Shul’'man. Translated
from the Russian edition (Moscow, 1972)
by N. Kaner. Hilary Hardin, Transl. Ed.
Halsted (Wiley), New York, and Israel
Program for Scientific Translations, Jeru-
salem, 1974. viii, 258 pp., illus. $30.

Molluscicides in Schistosomiasis Con-
trol. Proceedings of a symposium, Lon-
don, Oct. 1973. Thomas C. Cheng, Ed.
Academic Press, New York, 1974. xvi,
266 pp., illus. $12.50.

Neurohumoral Coding of Brain Func-
tion. Proceedings of a symposium, Mexico
City, June 1973. R. D. Myers and René
Radl Drucker-Colin, Eds. Plenum, New
York, 1974. xii, 480 pp., illus. $26.50.
Advances in Behavioral Biology, vol. 10.

Organic Reactions. Vol. 21. William G.
Dauben, Ed. Wiley, New York, 1974. x,
418 pp., illus. $22.50.

Organometallic Chemistry of Titanium,
Zirconium, and Hafnium. P. C. Wailes,
R. S. P. Coutts, and H. Weigold, Eds.
Academic Press, New York, 1974. x, 302
pp., illus. $29.50.

Sub-Fertility and Infertility in Africa.
Proceedings of a workshop, Ibadan,
Nigeria, Nov. 1973. B. Kwaku Adadevoh,
Ed. Published by the author, Ibadan,
Nigeria, 1974. xxx, 114 pp. $7.50.

The Sweep of American History. Vol.
2. Robert R. Jones and Gustav L. Selig-
mann, Jr., Eds. Wiley, New York, ed. 2,
1974. xii, 628 pp. Paper, $6.95.

The Theory of Fifth Dimensional
Space. Jeffrey O’Callaghan. Exposition
gress, Hicksville, N.Y., 1974. 60 pp., illus.
4.

Thermophysics and Spacecraft Thermal
Control. Papers from a conference, Palm
Springs, Calif., July 1973 and a meeting
Washington, D.C., Jan. 1973. Robert G.
Hering, Ed. MIT Press, Cambridge,
Mass., 1974. xxiv, 552 pp., illus. $20.
Progress in Astronautics and Aeronautics,
vol. 35.

Tissue Specificity and Autoimmunity.
Sidney Shulman. Springer-Verlag, New
York, 1974. xiii, 196 pp., illus. $24.60.
Molecular Biology Biochemistry and Bio-
physics, vol. 16.

The Topic of Cancer. Ira Pilgrim.
Crowell, New York, 1974, xiv, 256 pp.
$6.95.

Transducers for Biomedical Measure-
ments, Principles and  Applications.
Richard S. C. Cobbold. Wiley-Intersci-
ence, New York, 1974. xvi, 486 pp., illus.
$22.50. Biomedical Engineering and
Health Systems Series.

SCIENCE, VOL. 187



